Introduction
It is a known fact that in the U.S., the overall death rates are higher in the winter months than they are at other times of the year. However, there is little current research on this phenomenon. The most recent analysis done in the U.S. that we could find on this topic was a paper by Seretakis et al. (1997) which discussed the seasonality of mortality for coronary heart disease in the U.S. from 1937 through 1991. Earlier, Rogot, Fabsitz, and Feinleib (1976) In this note, we analyze the seasonality of mortality for subsets of deaths distinguished not only by cause but also by age of decedent, using death certificate data obtained from the National Center for Health Statistics for the years 1994 to 1998. We also examine why seasonality is more prevalent in certain age groups by observing cause-seasonalities of death and distributions in causes of death with respect to age. Furthermore, using Social Security's SSI records and the death file of the Office of the Chief Actuary at the Social Security Administration from 1976 to 1999, we observe how seasonal variation in mortality has changed over the years, and whether it varies by poverty status.
Analysis of Seasonality by Age and Cause Using NCHS Data
We obtained from the NCHS CD-ROM information on everyone that died in the years 1994 to 1998, and tabulated the number of deaths in each of the sixty months within the five-year period by age group and cause. Because some months have more days than others do, we computed ) (t a , the average number of deaths per day in month t for each age group and cause. Table 1 and Figure 1 show the average number of deaths per day over the five-year period. Causes  0 to 4  3  0  0  11  3  0  1  2  76  96  5 to 9  0  0  0  5  1  0  1  0  3  10  10 to 14  1  0  0  7  0  0  1  0  3  12  15 to 19  1  0  0  32  1  0  2  1  4 7  8  20  9  1  73  8  21  214  55 to 59  90  9  8  16  7  2  100  13  24  269  60 to 64  133  13  8  14  7  3  140  24  32  374  65 to 69  201  19  9  15  9  5  197  44  48  547  70 to 74  295  25  10  18  11  8  241  69  72  749  75 to 79  379  27  8  20  13  10  233  89  100  879  80 to 84  446  25  6  20  13  12  190  97  125  934  85 to 89  428  18  4  17  12  11  119  84  125  818  90 to 94  293  9  2  10  7  7  51  53  86  518  95 to 99  118  3  1  3  3  3  13  21  35  200  100 to 104  26  0  0  1  0  1  2  5  8  43  105 to 109  3  0  0  0  0  0  0  1  1  5   All Ages  2593  167  84  416  177  66  1476  527 
where n is the number of years of observation, here 5, obtaining the following results for age group and cause cohorts: is the average number of deaths per day in month t, m is the average number of deaths per day for the five year period, and t 0 is the midpoint between the start of 1994 and the end of 1998. We added a term to measure seasonality to the equation, and using the Levenberg-Marquardt algorithm on the software package SAS, we performed another least squares fit using:
If the added term was not statistically significant at a 1% level (using analysis of variance with the F-test), we assumed that there was negligible seasonality of deaths present in the cohort. But if the added term was significant, we assumed that there was seasonality present in the cohort, and we subsequently added the 
where k=2, 3, etc. to the equation until k = 5 or in which the added term was not statistically significant at a 1% level. We computed the maximum and minimum with respect to time of the expression,
(where n is the number of added cosine terms) which is an estimate of the seasonal component of the estimated number of deaths per day in each month, t. We define seasonality as s = [max )
(t s /min ) (t s ] -1. Table 3 and Figure 3 display the seasonality of each cohort using this non-linear regression method: We can ask what causes of death contribute the most to the overall seasonality of deaths, in the period 1994 to 1998? To answer the question, for each age group i and cause j we calculated the seasonality of deaths in age group i excluding those who died of cause j. We then compared these to the seasonality of deaths for each age group i, obtaining the following: As we can see, cardiovascular and respiratory problems are the most significant factors for the seasonality of deaths in older people, while external causes are the most significant factors in younger people. Even though a large percentage of the population dies from malignant neoplasms, this cause depresses the overall seasonality of deaths in the whole population. Seasonal patterns of mortality usually have winter excesses but not always: We found that younger people who die of external causes are more prone to die in the summer than in the winter. However, older people who die of external causes are more prone to die in the winter than in the summer.
Variation of Seasonality of Deaths with Respect to Age
The seasonality of death varied significantly among age groups, with a standard GHYLDWLRQ RI DV ODUJH DV WKH PHDQ IRU WKH QRQOLQHDU UHJUHVVLRQ PHWKRG DQG D VWDQGDUG GHYLDWLRQ RI DV ODUJH DV WKH PHDQ IRU WKH X-11 method. A natural question to ask is what is the reason for the large variation in the seasonalities of death with respect to age? Two possible factors are the variation in cause-seasonalities of death with respect to age and the variation in the distribution of causes of deaths with respect to age. We investigated how each of these factors affected the variation in age-seasonality. To calculate the effect of the variation in cause-seasonalities of death with respect to age, we synthesized new functions,
where ij n is the number in age group i that died of cause j and ) (t s j is the overall seasonality of deaths for people (in all age groups) that died of cause j. We define seasonality of these new functions as we did before for ) (t s j . The following chart displays both i s and ) 1 ( i s computed with each method. 0.0088 using the X-11 method. Then one minus the ratio of the standard deviation of ) 1 ( i s to the standard deviation of i s is 45% for the non-linear regression method and 42% for the X-11 method. So we can estimate the percentage of the variation in seasonality attributable to the variation in the specific cause-seasonalities of death with respect to age as somewhere in the range of 42% to 45%.
And to calculate the effect of the variation in the distribution in causes of death with respect to age, we synthesized new functions,
where j n is the total number of people that died of cause j and ) (t s ij is the seasonality of death in age group i that died of cause j. We define seasonality of these new functions as we did before. The following chart displays both i s and ) 2 ( i s computed with each method. 0.0015 using the X-11 method. Then one minus the ratio of the standard deviation of ) 2 ( i s to the standard deviation of i s is 27% for the non-linear regression method and 23% for the X-11 method. So we can estimate the percentage of the variation in seasonality attributable to the variation in the distribution of causes of death with respect to age as somewhere in the range of 23% to 27%. Therefore, the variation in the seasonality of deaths with respect to age are substantially attributable to the variation in cause-seasonality with respect to age and to a lesser extent attributable to the variation in the distribution of causes of death with respect to age.
We present graphs of i s , 
Seasonality over the Years
We also used Social Security's SSI records and the death file of the Office of the Chief Actuary (OCACT) at the Social Security Administration from 1976 to 1999. The OCACT death file is representative of the general population in the U.S. while the SSI death records only includes people who received supplemental security income (money from a needs based federal government program). Because the span of years in these files is so great, we did not use the non-linear regression method described earlier, since this method does not account very well for seasonality changing over time. (It only assumes a secular trend.) The following chart displays the average seasonality of deaths for each four-year period and each age group, using the X-11 method. We also calculated for each age group the correlation of single year of death with seasonality: 1976-1979 1980-1983 1984-1987 1988-1991 1992-1995 1996-1999 Average Correlation We did the same calculations for the death file of the Office of the Chief Actuary at the Social Security Administration (see Table 9 ). 1976-1979 1980-1983 1984-1987 1988-1991 1992-1995 1996-1999 Average We present graphs of the average seasonality of deaths by age of the people in the SSI and OCACT death files and the correlations between seasonality and year of death for each age group: As we observed before, seasonality is greater for the more vulnerable cohorts, the young and the old. We also see that in general, seasonality of deaths decreased over time for the younger age groups and increased over time for the older age groups. Even though the people in the SSI population are generally poorer than those in the general population, the seasonalities of death are similar in each group; therefore, we have evidence that the seasonality of death phenomenon is not strongly influenced by economic status.
We now summarize our main findings:
• The X-11 variation of Census Method II and non-linear regression methods give similar measures of seasonality (for each subgroup of the population).
• The most vulnerable subgroups of the population (the young and the old) have the most seasonal variation in death.
• Respiratory and cardiovascular causes of death contribute the most to the overall seasonal excesses in the winter (for the old), while external causes of death contribute the most to the overall seasonal excesses in the summer (for the young).
• The large variation in seasonality with respect to age is attributable substantially to the variation in cause-seasonality with respect to age (42% to 45%). It is also somewhat attributable to the variation in the distributions of causes with respect to age (23% to 27%).
• The seasonalities of deaths have been increasing over the years (from 1976 to 1999) for older people and decreasing for younger people.
• There is evidence that seasonality of deaths is not heavily influenced by economic status.
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